Objective: To evaluate reproducibility and validity of a self-administered food frequency questionnaire (FFQ) to determine the dietary supplement use. Design: Questionnaire data were compared with dietary records (DR) in four 7 day periods for validity. FFQ1 and FFQ2 administered at an interval of approximately one year were compared for reproducibility. Setting and subjects: A total of 361 samples were selected for a validation study of a questionnaire from the subgroup of the Japan Public Health Center-based prospective Study on cancer and cardiovascular disease (JPHC Study) cohort II. Categories of dietary supplements in the FFQ were`multivitamins',`b-carotene',`vitamin C', vitamin E', and`other supplements'. For each category, inquiries were made as to the brand name, frequency and duration of use. A dietary supplement user was de®ned as a subject who used a dietary supplement one or more times a week for a year or longer. Results: Prevalence of overall supplement use was 10.9%. Percentage agreement between FFQ1 and FFQ2 was 91.7%. Sensitivity and speci®city of supplement use by FFQ were 80.6% and 89.2%, respectively. Sensitivity was high for`vitamin C'. When the self-reported categories were corrected, sensitivity for`multivitamins' and vitamin E' improved. Conclusions: The FFQ on dietary supplements used for the JPHC 5 y follow-up survey was valid to determine overall use and well-de®ned dietary supplement use such as vitamin C. Categories must be corrected when determining multivitamin and`vitamin E'. Sponsorship: Grant-in-Aid from the Ministry of Health and Welfare of Japan. Descriptors: dietary supplements; questionnaires; validity of results; reproducibility of results; epidemiologic measurements
Introduction
Many dietary supplements contain nutrients and substances of interest in disease prevention such as antioxidants. Numerous studies have investigated their association with cancer (Gridley et al, 1992; Hunter et al, 1993; Losonczy et al, 1996; White et al, 1997; Giovannucci et al, 1998; Bohlke et al, 1999) , cardiovascular diseases (Mark et al, 1998; Bostick et al, 1999) and other diseases (Kim et al, 1993; Dawson-Hughes et al, 1997) . However, evidence of the effect on disease prevention from taking dietary supplements is not consistent because of dif®culty in assessing accurate dietary supplement use and insuf®cient statistical power because of the low prevalence of single supplement use .
In epidemiological studies, the dichotomous characteristic of dietary supplement use (ie users vs non-users) is often obtained to investigate an effect of taking dietary supplements itself on a given disease. Also, subgroup analysis of users and non-users is needed because dietary supplement use can become a confounding factor when investigating the effect of potential risk factors on disease. Dietary supplement use is known to be associated with some demographic characteristics such as gender, age, race and socioeconomic status (Suber & Block, 1990) , healthrelated factors such as body mass index (BMI), diet, tobacco and alcohol consumption (Bender et al, 1992; Houston et al, 1997; Lyle et al, 1998) , and certain psychological factors (Read et al, 1991) .
In many epidemiological studies, self-administered questionnaires, which make dietary assessment feasible in a large population, have been indicated as a valid instrument to rank individuals by nutrient intake. A few studies have evaluated the validity of methods used to assess dietary supplement use (Dorant et al, 1994; Patterson et al, 1998a,b) . Little is known about the validity of methods used to assess dietary supplement use in Japan.
The Japan Public Health Center-based prospective Study on cancer and cardiovascular disease (JPHC Study) is a prospective follow-up study on cancer and cardiovascular diseases in population-based cohorts and health checkup cohorts (Tsugane et al, 1999) . The prevalence of daily vitamin supplement use was 7.1% in the JPHC Study baseline survey (Watanabe et al, 1996) . However, the types of dietary supplements used and the effects on health of dietary supplement use have not been studied to date. In the 5 y follow-up survey of JPHC Study, a selfadministered questionnaire, which included inquiries about types of dietary supplements, was used. Validation studies of the questionnaires to assess dietary intake were conducted within a subsample of the cohorts. In this report, we focus on determining the individuals who take dietary supplements in our cohort study. The objectives of this study are two-fold: (1) to evaluate the reproducibility of a self-administered food frequency questionnaire (FFQ) in determining dietary supplement users; and (2) to evaluate the relative validity of the FFQ in determining dietary supplement users using the data from dietary records (DR) as a gold standard.
Materials and methods

Subjects
The subjects were the participants in a validation study of a semi-quantitative FFQ used for the 5 y follow-up survey in the JPHC Study cohort II. We recruited 196 married couples from six areas of the JPHC Study on a voluntary basis. Written informed consent form was taken from all subjects. At least one of the spouses was a cohort participant in the JPHC Study. A total of 392 subjects included 16 spouses who were not participants in the JPHC Study. To facilitate the burdensome investigation of a 28 day dietary record, our subjects were selected from among health conscious individuals such as of®ce workers and volunteers at Public Health Centers. The location of the study area is shown in Figure 1 .
A total of 361 subjects (180 men and 181 women) who completed both dietary records in all four seasons and a second FFQ (FFQ2) were included in our study. Only 302 subjects (151 men and 151 women) were included for analysis of reproducibility because subjects from the Chuo-higashi area (29 men and 30 women) were excluded due to the incompleteness of the ®rst FFQ (FFQ1). 
Data collection Questionnaire.
Subjects ®lled in the self-administered FFQ twice at 1 y intervals except for the subjects from Kasama who did so at 9 month intervals. The ®rst FFQ was for reproducibility (FFQ1), and the second FFQ was for validity (FFQ2). The FFQ1 was administered in May 1996 in Kasama, and in February, 1997 in Kashiwazaki, Kamigoto, Miyako and Suita. The FFQ1 was not completed by subjects in the Chuo-higashi area. The FFQ2 was administered in February of 1997 in Kasama, and in February of 1998 in Kashiwazaki, Chuo-higashi, Kamigoto, Miyako and Suita areas (Figure 2) .
The questionnaire was developed to assess dietary intake including use of dietary supplements. Subjects reported their dietary supplement usage in one of the ®ve categories of dietary supplements:`multivitamins',`b-carotene', vitamin C',`vitamin E', and`other supplements' by their selection (ie self-reported category). Brand names of dietary supplements were described for each use of dietary supplements. Frequency of usage (1 ± 2aweek, 3 ± 4aweek, 5 ± 6aweek, daily, 2 ± 3aday, 4 ± 6aday, 7 or moreaday) and duration of usage (`1 y, 1 ± 2 y, 3 ± 4 y, 5 ± 9 y, 10 ± 19 y, 20 y) were indicated. Users were de®ned as subjects who used each category of dietary supplements one or more times a week. Subjects with use of less than a year were excluded to eliminate short-term users. If a subject was a user of at least one category of supplement, he or she was regarded as an overall dietary supplement user. To correct the incorrect categorization of self-reported dietary supplements, all the supplements in the FFQ were re-categorised by the authors using brand names according to the de®ni-tion of dietary supplements in the Women's Healthy Eating and Living Study (Newman et al, 1998) .
Dietary records.
Four 7 day DR were collected at 3 month intervals starting at the same time as the FFQ1. The DR included a separate sheet to record dietary supplement use. Subjects were to record the brand name and amount taken each day in a week. Supplements in DR were categorised using brand names reported by subjects into ®ve categories according to the de®nition of dietary supplements in the Women's Healthy Eating and Living Study (Newman et al, 1998) , which is the same de®nition used to re-categorise FFQ. Dietary supplement users were de®ned as subjects with use once or more in each of the four 7 day periods of DR.
Analyses
Reproducibility of FFQ was evaluated by calculating percentage agreement and kappa between FFQ1 and FFQ2. The sensitivity, speci®city and positive predictive values (PPV) of FFQ2 in determining supplement users of reported and corrected categories were calculated using DR as gold standard for validity.
Results
Characteristics of dietary supplement users in DR are presented in Table 1 . Thirty-six of 361 subjects were users (10.9%) for overall dietary supplements by DR. The percentage of overall dietary supplement users was higher in females (12.7%) than in males (7.2%). The percentage of Overall agreement between FFQ1 and FFQ2 was also looked at by considering categories of dietary supplements as categorical variables of`multivitamins',`b-carotene', vitamin C',`vitamin E',`other supplements',`more than two types of supplements' and`no use of dietary supplements' (percentage agreement 83.1%, kappa 0.48 for reported category, percentage agreement 87.7%, kappa 0.51 for corrected category, data not shown in tables). About 40% among dietary supplement users in both FFQ fall into category of`more than two types of dietary supplements'. Table 3 is a two-by-two table comparing numbers of overall users of dietary supplements by FFQ2 with those by DR. For FFQ2, sensitivity, speci®city and PPV were 75.0%, 95.4% and 64.3%, respectively. For FFQ1, sensitivity, speci®city and PPV were 63.6%, 93.3% and 63.6%, respectively (data not shown in tables). Sensitivity, speci®city and PPV were similar when Osaka, with the most supplement users, was excluded from the analysis (83.3%, 96.5% and 50.0%, respectively).
Sensitivity, speci®city and PPV for reported and corrected category of dietary supplements are shown in Table  4 . Sensitivity by self-report was high for`vitamin C', relatively high for`multivitamins' and`vitamin E', but low for the`other supplements'. Speci®city for all categories of dietary supplements was higher than 90%. PPV were not very high for all categories of dietary supplements because the prevalence of dietary supplement use was low. After self-reported categories were corrected, sensitivity for multivitamins',`vitamin E', and the`other supplements' improved more than 10%. PPV also improved in all categories of dietary supplements after the correction of categorisation.
Discussion
We conducted this study to evaluate the validity and reproducibility of a self-administered questionnaire to determine dietary supplement users in a subsample of the JPHC Study. The major ®nding of our study was that our questionnaire was valid to determine vitamin C supplement Supplements in the FFQ were re-categorised by the authors using brand names according to the de®nition of dietary supplements in the Women's Healthy Eating and Living Study (Newman et al, 1998) . Validity and reproducibility of self-administered questionnaire J Ishihara et al users. We also found that multivitamin and vitamin E supplement users could be determined when categories of dietary supplements in the questionnaire are corrected with the brand names. The prevalence of dietary supplement users was relatively low in comparison to that in previous studies in other countries. In the National Health Interview Surveys in the United States, 40% of the population answered that they use some types of supplements from interviews (Balluz et al, 2000) . In The Netherlands, a validation study of a questionnaire reported that 26% of all their subjects were dietary supplement users (Dorant et al, 1994) . In our study, only 10% of all subjects reported a year-round supplement use of some type. The prevalence was 26.3% for the dietary supplement users with at least one use in a year. The prevalence of users was higher for subjects with some speci®c demographics such as female, older generation, or urban area resident. This tendency was consistent with the results of many studies, revealing that females and older individuals were more likely to be users than males and younger individuals (Suber & Block, 1990; Dorant et al, 1994; Slesinski et al, 1995) . In our study, the low prevalence of users caused low PPV, which depends on prevalence of users.`Vitamin E', with the least prevalence, had the lowest PPV in all four categories. PPV would probably be higher in a population with a high prevalence of users.
For validity of the questionnaire in the assessment of overall use of dietary supplements, sensitivity of the FFQ in our study was slightly higher (75.0%) than sensitivity of overall dietary supplement use in a validation study in The Netherlands (65.9%) (Dorant et al, 1994) . The low overall sensitivity in their study was due to the fact that dietary supplements other than stated in the questionnaire appeared in the DR. In our study, six of nine false negatives (ie subjects who were not overall supplement users in FFQ, but were overall users in DR) were users of`other supplements' in DR.`Other supplements' described in DR were mostly vitamin B complex and vitamin D, which were medications prescribed by physicians. We asked subjects to report all the supplements including those prescribed by physicians in DR whereas FFQ only included those that they considered as supplements. Subjects might have had dif®culty distinguishing vitamins from drugs for prescribed medications. When the other supplement users were excluded from the analysis of validity for overall supplement use, sensitivity was higher (85.0%).
In contrast, 12 of 15 false positives (ie subjects who were overall supplement users in FFQ, but not overall users in DR) recorded some kind of dietary supplement use at least once in four DR. Because our de®nition of users was one supplement use in each DR to eliminate spot users, those 12 were not regarded as users. Although we eliminated shortterm users in FFQ by excluding subjects who used dietary supplements for less than a year, our questionnaire design did not allow us to eliminate occasional users. However, those false positives did not drastically lower speci®city because the numbers of non-users were many.
For speci®c types of supplements, vitamin C users were most sensitively detected by FFQ. Well-de®ned dietary supplements had high sensitivity also in the previous study in The Netherlands (Dorant et al, 1994) . When categories were corrected,`multivitamins' and`vitamin E' had higher sensitivity. For`multivitamins', one of two false negative subjects who categorised multivitamin as vitamin C' in FFQ was corrected. The other one was actually taking vitamin B complex in DR rather than multivitamin supplement. Also for`vitamin E', one of two false negative subjects categorising vitamin E as vitamin C' in FFQ was corrected. Because users were few, only one non-user shifting to a user showed such improvement in sensitivity.
A major factor that lowered overall reproducibility was inconsistent categorisation by subjects into the appropriate category in the questionnaire. Well-de®ned supplements such as vitamin C showed a high percentage agreement and kappa when categorised.`Multivitamins' and`vitamin E' showed a higher percentage and kappa after category correction. Low percentage agreement and kappa of overall supplement use were mainly due to those of the`other supplements'. The discrepancy between FFQ1 and FFQ2 also re¯ected actual changes in dietary supplement use between the two FFQs. Of 25 subjects whose answers disagreed between the two FFQs, 14 were users in FFQ1 and non-users in FFQ2, whereas 11 were non-users in FFQ1 and users in FFQ2. Of these 14 who were users in FFQ1 and non-users in FFQ2, 12 were non-users according to DR, who apparently quit using dietary supplements before or during the time indicated in FFQ2. Of 11 who were non-users in FFQ1 and users in FFQ2, ®ve were users in DR, and ®ve were not users who, nevertheless, used some kind of dietary supplements at least once in four DR. Those 10 subjects started to use dietary supplements after the administration of FFQ1. Because the habit of dietary supplement use could be changed easily over time, however, the questionnaire captured actual changes, which caused discrepancies between the two FFQ.
The selected population may be a limitation of our study. Our subjects were selected among the of®ce workers and volunteers at Health Centers and people whose interest in health would encourage them to complete the burdensome task of keeping 28-day DR and ®lling out two questionnaires over a period of a year. Therefore the validity of our FFQ may be generalised only for motivated, health-conscious individuals.
Using DR as a gold standard could be a source of measurement error. Overestimation could result when assessing long-term use of dietary supplements by current supplement use (Patterson et al, 1998a,b) . For that reason, to eliminate spot users, the dietary supplement users in our study were de®ned as subjects who used the same types of dietary supplements in four seasons over a year.
Further study is needed to assess amount of intake from supplements in overall diet. We also have plasma vitamin C of subjects available to compare intake from diet to biomarker. We are currently developing a database on dietary supplement products to estimate the amount of intake from supplements.
